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Summary 

The purpose of this report is to document the input data, calculations, and assumptions of the 

Propane Net Present Value (NPV) model. The model, developed at The University of Texas 

Center for Transportation Research for the Texas Department of Transponation (TxDOT), analyzes 

the cost-effectiveness of propane as an alternative fuel for fleet operations by examining the 

benefits and costs of a propane-fueled operation over the life cycle of a propane fueling station. 

Abstract 

Increased emphasis on energy efficiency and air quality has resulted in a number of state and 

federal initiatives examining the use of alternative fuels for motor vehicles. Texas instituted an 

alternative fuels program for public fleet operations beginning in the 1991-92 fiscal year. Life­

cycle cost/benefit models for evaluating the economic implications of this action have been 

developed at The University of Texas at Austin Center for Transportation Research for both 

compressed natural gas (CNG) and propane. This report documents the various input data, 

calculations, and assumptions of the Propane Net Present Value (NPV) model. A similar report 

(number 983-1) documents the same for the CNG model. 

Input data with constant values across different fleets and locations are discussed first and include 

basic parameters for on-board storage capacity, vehicle conversion costs, equipment salvage 

values, etc. Variable input data, reflecting a given fleet size, composition, and location, include, the 

number and types of vehicles, fuel consumption, etc. The next section presents the formulas for 

the internal model calculations. The final section discusses the basic assumptions underlying the 

model. 
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Implementation Statement 

The purpose of this project is to evaluate the economic feasibility of alternative fuels for the Texas 

Department of Transportation (TxDOT). The life-cycle cost/benefit analysis model is the basic 

framework for this evaluation. The model will assist TxDOT in fulfilling the legal requirements of 

Senate Bill 740. whether through implementation of an alternative fuels program or through the 

processing of waivers where appropriate. This repon provides the suppon documentation for use 

ofthe model. 

Disclaimer 

The contents of this repon reflect the views of the authors. who are responsible for the facts and 

the accuracy of the data presented within. The contents do not necessarily reflect the official views 

or policies of the Texas Department of Transportation. This repon does not constitute a standard, a 

specification. or regulation. 

NOT INTENDED FOR CONSTRUCTION, 
BIDDING, OR PERMIT PURPOSES 

Hani S. Mahmassani, P.E. (Texas No. 57545) 
C. Michael Walton. P.E. (Texas No. 46293) 

Research Supervisors 
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Documentation for Propane Fleet Conversion 
Cost·Effectiveness Model 

INTRODUCTION 

Texas adopted alternative fuels legislation influencing the whole state as well as non-attainment 

areas. Texas Senate Bill 740, which took effect September 1, 1991, requires all school districts 

with more than 50 buses, state agencies with more than 15 vehicles excluding law enforcement and 

other emergency vehicles, and metropolitan transit authorities to purchase new vehicles that are 

capable of operating on natural gas or a fuel with similar emissions characteristics. l Affected 

agencies can receive a waiver of this act if they can demonstrate either that (1) the effort for 

operating an alternatively-fueled fleet is more expensive than that for a gasoline or diesel fleet over 

its useful life or that (2) alternate fuels are not available in sufficient supply. The model 

documented herein analyzes the first area for propane. Another similar model addresses 

compressed natural gas (CNG). 

The model, developed at The University of Texas Center for Transportation Research for the 

Texas Department of Transportation (TxDOT), analyzes the cost-effectiveness of propane as an 

alternative fuel for fleet operations. Basically, the model examines the benefits and costs of a 

propane-fueled operation over the life cycle of a propane fueling station. 

The purpose of this report is to document the input data, calculations, and assumptions of the 

Propane Net Present Value (NPV) model. Presented first are the input data that are not expected to 

change for different TxDOT fleet locations, followed by the input data that do change across fleets. 

Next, formulas for the calculations are presented and explained where necessary. Finally, the 

major embedded model assumptions are laid out and explained. Because the report is intended as 

technical documentation for a model user, variable names are used directly from the spreadsheet 

model. A mapping of these names to spreadsheet locations and a sample spreadsheet are provided 

in the Appendix. 

Unless otherwise specified, all costs and prices are in 1991 dollars. 

1 The Texas Air Conlrol Board subsequently ruled that LPG and electricity also qualify as alternative fuels. 
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CONSTANT INPUT DATA 

This section presents input data that will be kept constant for all TxDOT locations analyzed. It 

is recognized that some data may be slightly different for some locations, but it is believed that 

these small differences will not significantly alter the final result. However, these values can be 

modified in order to perform site-specific analyses. 

General Factors 

2 

3 
4 

5 

This section contains a listing and description of miscellaneous input data, as follows: 

Work.days.year - number of days the fleet is operational per year. It is assumed that 

TxDOT fleets are operational 5 days per week for 52 weeks a year. 

Tank.filltpercenta~e - for safety reasons, propane storage tanks (both on the vehicle and in 

the fueling station) are only filled to 80 percent of their volumetric capacity. 

Fuel.in.empty.tank.~al - it is assumed that 2 gallons of liquid fuel (gasoline, diesel, or 

propane) remain in the tank when the vehicle is filled. 

Prqpane.Gasoline.Factor - the amount of propane (gallons) with an equivalent amount of 

energy as a gallon of gasoline. This is calculated by dividing the net (or lower) heating 

value of a gallon of gasoline by the net (or lower) heating value of a gallon of propane. 

This factor is taken to be 114,132/84,400 = 1.35 gallons propane/gallon gasoline.2,3 

Propane.Diesel.Factor - the amount of propane (gallons) with an equivalent amount of 

energy as a gallon of diesel. This is calculated by dividing the net (or lower) heating value 

of a gallon of diesel by the net (or lower) heating value of a gallon of propane. This factor 

is taken to be 129,400 /84,400 = 1.53 gallons propane/gallon diesel.4,5 

Environmental Protection Agency, Analysis of the Economic and Environmental Effects of Compressed Natural 
Gas as a Vehicle Fuel, Vol. I, Passenger Cars and Light Trucks, April 1990. 
Personal communication with Larry Osgoode, Phillips 66, Bartlesville, Oklahoma. 
Environmental Protection Agency, Analysis of the Economic and Environmental Effects of Compressed Natural 
Gas as a vehicle Fuel, Vol. I, Passenger Cars and Light Trucks, April 1990. 
Personal communication with Larry Osgoode, Phillips 66, Bartlesville, Oklahoma. 
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Discount.Rate - a discount rate of 10 percent is assumed to be applicable to TxDaI'.6 

Vehicle Data 

These sections contain input data for each vehicle type. The sections for automobiles, light 

trucks, and heavy-duty gasoline vehicles are conceptually identical; the variable names differ only 

in the vehicle type identifier prefix of Auto, LT, or HOG. These three sections are discussed in 

general with the generic variable name prefix of VehType used instead. Since the diesel section 

accommodates both dual-fuel and dedicated conversions, it is slightly different conceptually and is 

discussed separately. The input data for the automobiles, light trucks, and heavy-duty gasoline 

vehicles are as follows: 

6 

7 
8 

9 

YehType,Propane,MPG.Adj.Factor - it is assumed that converted propane vehicles will 

achieve fuel efficiencies of the same magnitude as (or 100 percent of) those of the original 

gasoline vehicles when operating on propane. This assumes that the conversion does not 

optimize the engine for propane usage. This is more optimistic than for CNG, since 

propane tanks weigh significantly less than those for CNG. Note that this factor changes 

to 110 percent somewhere after year 10. It is assumed that OEM vehicles are available in 

year 11. They are assumed to be optimized and dedicated and will therefore achieve greater 

fuel efficiencies than gasoline vehicles. 7,8 

VehType.Dual.fuel.MPG.Adjust.Factor - it is assumed that converted propane vehicles 

will achieve fuel efficiencies of the same magnitude as (or 100 percent of) the original 

gasoline vehicles when running on gasoline. This assumes that the conversion does not 

optimize the engine for propane usage. 

YehIype.Cony.Kit.Cost - is the cost of the under-hood equipment (e.g., mixer, regulator, 

piping, etc.). For automobiles this cost is assumed to be $700. For light trucks and 

heavy-duty gasoline vehicles this cost is assumed to be $570.9,10 

Recommended by the Texas Slate Purchasing and General Services Commission, Workbook on the Cost 
Effectiveness of Alternative Fuels Usin" Life Cycle Cost Benefit Analysis. June 1, 1991. 
Personal communication with Larry Osgoode, Phillips 66, Bartlesville, Oklahoma. 
James S. Wallace, "Assessment of 'First Generation' Propane Conversion Equipment," SAE paper number 
892144, September 1989. 
Phillips 66, "The Cleaner Air Alternative," Bartlesville, Oklahoma. 

10 California Energy Commission, Cost and Availability of Low-Emission Motor vehicles and Fuels, AB 234 
Report, August 1989. 
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YehI;xpe.Conv.lab.cost - is the cost of labor to perfonn the conversion. For automobiles 

this cost is assumed to be $570, and for light trucks and heavy-duty gasoline vehicles, it is 

$340. 11 

YehType.Tank.cost - is the cost of one tank. For automobiles this cost is assumed to be 

$330, for light trucks it is assumed to be $280, and for heavy-duty gasoline, $290.12,13 

These costs are directly related to the VehType.Fuel.Capacity.gal input. It is assumed that 

TxDOT will implement volume buying in order to achieve price reductions. 

YehType.Cony.Kit.Salyae;e.Yalue - is the price difference in selling a used converted 

propane vehicle versus the same vehicle if it were not converted. It is assumed that this 

value is $150. As defined, this value includes both tank, kit, and labor salvage value. 

YehType.Tank,Salyae;e,Yalue - this value is currently not used (it is set to $0). The 

salvage value of tanks is included in VehType.Conv.Kit.Salvage.Value. 

YehType.OEM.Cost.Diff - this is the cost difference between an original equipment 

manufacturer (OEM) dedicated optimized propane vehicle and a comparable gasoline 

vehicle. It is assumed that this difference is $400 for automobiles and light trucks, and 

$450 for heavy-duty gasoline vehicles,14 These costs assume mature and fairly substantial 

OEM propane vehicle markets. 

YehType,OEM.Salyae;e.Yalue - is the price difference in selling a used OEM propane 

vehicle versus a comparable gasoline vehicle. It is assumed that this value is $100 for 

automobiles, light trucks, and heavy-duty gasoline vehicles. 

YehType.Fuel.Capacity.e;al - the water volume of the propane tank. For automobiles this 

is assumed to be 27 gallons, for light trucks it is assumed to be 31 gallons, and for heavy­

duty gasoline vehicles, 43 gallons. Tanks of these volumes yield on-board propane 

quantities similar in volume (not energy) to that of the on-board gasoline tank. 

--------............. _-

11 Ibid. 
12 Ibid. 
13 Manchester Tank, Motorfuel Tanks Brochure 1990-1991, Lubbock, Texas. 
14 Phillips 66, "Propane (LP Gas) Alternative Fuel Infonnation," slide presentation, Bartlesville, Oklahoma. 
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YehIype.tanks.per.yeh - it is assumed that all vehicle types have 1 tank per vehicle. 

YehType.Prcnt.PrQpane.miles - percentage of miles driven per vehicle on propane. 

Assumed to be 100 percent for dual-fuel vehicles. Must be 100 percent for dedicated OEM 

vehicles. 

YehIype.Maint.Cost.Diff - difference in costs for one vehicle's maintenance in one year. 

A positive amount indicates a maintenance savings for propane. 

YehType.On.board.&asoline.ca,pacity - assumed to be: automobiles - 16 gallons; light 

trucks - 18 gallons; and heavy-duty gasoline vehicles - 25 gallons. 15 

Since the heavy-duty diesel vehicle data section accommodates both dual-fuel and dedicated 

conversions, it is slightly different conceptually from automobiles, light trucks, and heavy-duty 

gasoline vehicles. In year 11 when OEM propane vehicles become available, it is assumed that 

only dedicated OEM vehicles will be produced (not dual-fuel), because of emissions regulations. I6 

The input data for heavy-duty diesel vehicles are as follows: 

HDD.Ded.PrQpane.MPG.Adj.Factor - dedicated propane vehicles will have reduced fuel 

efficiencies mainly because compression ratios used must be less than those for diesel. It is 

assumed that these reductions will be 26 percent for converted diesels and 20 percent for 

OEMs replacing diesels. I7 These reductions are those assumed for natural gas and are 

used as a proxy for propane, because no estimates for propane were found. 

HDD.Dual.MPG,Adjust.Factor - it is assumed that converted dual-fuel propane vehicles 

will achieve fuel efficiencies that are the same as those of the original diesel vehicles on an 

energy-equivalent basis. This is more optimistic than for CNG, 

HDD.Ded.Conv.Kit.Cost - this cost is assumed to be $1,630. Because heavy-duty 

dedicated propane conversion cost estimates were not found in the literature, this cost was 

estimated from the cost of a heavy-duty diesel dedicated CNG conversion (proportional to 

15 Personal communication with Terry Eulenfeld. TxDOT. Austin. Texas. 
16 Environmental Protection Agency. Analysis of the Economic and Environmental Effects of Compressed Natural 

Gas as a Vehicle Fuel. Vol. II. Heavy Duty Vehicles, April 1990. 
17 Ibid. 
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heavy-duty gasoline vehicle costs).18 

HDD.Ded.Cony.Kit.Salya~.Yalue - this value is assumed to be $300. As defined, this 

value includes both tank, kit, and labor salvage value. 

HDD.Ded.Cony.lab.cost - this cost is assumed to be $1,330. As for the conversion kit 

cost, this cost is estimated from the cost of a CNG conversion. 

HDD.Dual.Conv.Kit.Cost - this cost is assumed to be $2,040. As for the conversion kit 

cost, this cost is estimated from the cost of a CNG conversion. 

HDD.Dua1.Cony.Kit.Salva~.value - this value is assumed to be $300. As defined, this 

value includes both tank, kit, and labor salvage value. 

HDD.Dual.Conv.1ab.cost - this cost is assumed to be $1,130. As for the conversion kit 

cost, this cost is estimated from the cost of a CNG conversion. 

HDD.Tank.cost - this cost is assumed to be $365. 19 This cost is directly related to the 

HDD.Fue1.Capacity.gal input. It is assumed that TxDOT will implement volume buying in 

order to achieve price reductions. 

HDD.Tank.Salya~.Yalue - this value is currently not used (it is set to $0). The salvage 

value of tanks is included in the conversion kit salvage value. 

HDD.OEM.Cost.Diff - it is assumed that this difference is $1,400. As for the conversion 

kit cost, this cost is estimated from the cost of a CNG OEM vehicle. 

HDD.OEM.Salva~.Yalue - this value is assumed to be $300. 

HDD.Fuel.CapacitY.f:al - the water volume of the propane tank. It is assumed to be 76 

gallons. A tank of this volume yields an on-board propane quantity similar in volume (not 

energy) to that of the on-board gasoline tank. 

18 Dean Taylor, Mark Euritt, and Rani Mahmassani, "Documentation for CNG Fleet Conversion Cost­
Effectiveness Model," Center for Transportation Research Report 983-1, The University of Texas at Austin, for 
the Texas Department of Transportation, 1991. 

19 Manchester Tank, Motorfuel Tanks Brochure 1990-1991, Lubbock, Texas. 
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HDD.tanks.per.Ded.yeh - assumed to be 1 tank. 

HDD.tanks.per.Dual.yeh - assumed to be 1 tank. 

HDD.Prcnt.PrQpane.consumed.dual- this factor applies to dual-fuel conversions only. It 

is the percentage of energy used by the vehicle over its nonnal driving schedule which is 

obtained from propane. The rest of the energy is obtained from the diesel fuel. This factor 

is assumed to be 15 percent.20 

HDD.Maint.Cost.Diff.Ded - difference in costs for one dedicated propane vehicle's 

maintenance in one year. 

HDD.Maint.Cost.Diff.Dual- difference in costs for one dual-fuel vehicle's maintenance in 

one year. 

HDD.On,board.diesel.capacity - assumed to be 45 gallons.21 

Fuel Prices 

Propane~cost.at.refinery.Kallon - a refinery price of 36 cents per gallon is assumed, given 

that the yearly average refinery propane price at Mount Belvieu, Texas was 35.9 cents in 

1991 and 37.7 cents in 1990.22 

TranSl)ortation.cost&allon - this is the cost to transport the propane from the refinery to the 

local supplier. This cost is assumed to be 3 cents per gallon for all locations in Texas, 

though it will vary by a few cents depending on the distance from the refinery. 23 ,24,25 

Supplier.markyp.smalLfleet.&allon - this is the local supplier's profit per gallon for small­

volume propane deliveries (via bobtail trucks in quantities of about 2,000 gallons). This 

20 Jim McCray, "'Fumigation' Process Hailed as Answer to Pollution from 4-Stroke Diesels," in Butane-Propane 
News, September 1991. 

21 Personal communication with Terry Eulenfeld, TxOOT, Austin, Texas. 
22 Butane-Propane News, weekly average principal propane postings at Mount Belvieu, Texas, 1990-1991. 
23 Personal communication with J.R. Anderson, Texas LP-Gas Association, Austin, Texas, 1992. 
24 Personal communication with Jerry Hill, Amerigas Company, 1992. 
25 Personal communication with Lon Holloway, Suburban Propane, Denton, Texas, 1992. 
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mark-up is assumed to be 21 cents per gallon.26,27,28,29 

Sypplier.markyp.1arge.fleel.l~allon - this is the local supplier's profit per gallon for large­

volume propane deliveries (via transport trucks in quantities of about 10,000 gallons). 

This mark-up is assumed to be 4 cents per gallon.30,31,32,33 

Federal,tax,pllon,prQPaIle - there are no federal taxes on propane for TxDOT vehicles. 

GaSQline,Price.W1on - assumed to be $0.89.34 

Diesel.Price.&allon - assumed to be $0.85.35 

Annyal.Fyel.Price,Adjystment - allows all fuel prices to be increased by a certain 

percentage per year. It is assumed that fuel prices remain constant over time (except for 

inflation), so this adjustment is set to 0.0 percent. 

Station Design 

Switch. Time.min - time to pull vehicle up to station, get out of vehicle, connect fuel probe, 

disconnect fill probe, get back into vehicle, and drive away. Includes all time except time 

that propane is actually being transferred to the vehicle. This time is assumed to be 3 

minutes, 

Propane.fill.rate.&al.min - the average flow rate per hose is assumed to be the same as that 

for gasoline and diesel (7 gallons/minute). 

Number.otHoses - 2 propane hoses are assumed, A small station design will probably 

only have 1 hose, but assuming 2 hoses does not change the outcome, since 2 gasoline 

26 Personal communication with J.R. Anderson, Texas LP-Gas Association, Austin, Texas, 1992. 
27 Personal communication with Jerry Hill, Amerigas Company, 1992. 
28 Personal communication with Lon Holloway, Suburban Propane, Denton, Texas, 1992. 
29 Ferrellgas. "Dispensing and Storage Systems," Libeny, Missouri, 1988. 
30 Personal communication with J.R. Anderson, Texas LP-Gas Association, Austin, Texas, 1992. 
31 Personal communication with Jerry Hill, Amerigas Company, 1992. 
32 Personal communication with Lon Holloway, Suburban Propane, Denton, Texas, 1992. 
33 Ferrellgas, "Dispensing and Storage Systems," Liberty, Missouri, 1988. 
34 Based on prices paid by TxDOT in 1991. 
35 Based on prices paid by TxDOT in 1991. 
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hoses are also assumed. These values are only used to compute fueling session times and 

labor-fuel time losses. 

Station.Setqp.Cost.Factor - the cost of miscellaneous items such as installation labor and 

construction overhead is approximated by assuming that it is equal to 15 percent of the total 

cost of the storage and dispenser. This value is less than that assumed for CNG, because 

CNG fast-fill stations require some miscellaneous hardware, such as sequencer and priority 

panels, which propane stations do not, and the installation of a CNG station is more 

complicated and demanding.36 

Labor Time Loss Calculation 

Gasoline.fil1.rate!~al.min - the average flow rate per hose is assumed to be 7 

gallons/minute (without topping off tank).37 

Diesel.fill.rate.e,al,roin - the average flow rate per hose is assumed to be 7 gallons/minute 

(without topping off tank).38 

Gasoline.diesel.switch.time - same definition as for propane switch time. This time is 

assumed to be 3 minutes. 

Labor.Cost.hour - cost per man-hour for fueling vehicles (includes salary, benefits, etc). 

Assumed to be $15.00. 

Number.Gasoline,hoses - assumed to be 2. 

Number.Diesel.hQses - assumed to be 1. 

36 Dean Taylor, Mark Euriu. and Rani Mahmassani. "Documentation for CNG Fleet Conversion Cost­
Effectiveness Model," Center for Transportation Research Report 983-1, The University of Texas at Austin, for 
the Texas Department of Transportation, 1991. 

37 Based on only one gasoline data point 
38 Based on gasoline data only (not diesel). 
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Costs 

Stora&,e,Dispenser,costs,small(or larael.fleet - storage/dispenser purchase cost is assumed 

to be $10,000 for a small station design with a storage capacity (water) of 2,000 gallons 

and $57,000 for a large station design with a storage capacity (water) of 14,400 

gallons,39,40,41,42,43 It is assumed that new pump/meter/dispenser units are purchased 

after 15 years at a cost of $3,000 for a small station (l unit) and $6,000 for a large station 

(2 units).44,45 The salvage value of the storage/dispenser is assumed to be 50 percent of 

the purchase cost (after 30 years). 

Fueling station maintenance is assumed to be $500 annually for a small station and $1,500 

annually for a large station.46,47,48,49 

VARIABLE INPUT DATA 

The input data discussed in this section are intended to reflect the characteristics of a particular 

fleet operating at a given TxDOT location. As such, these data differ across locations and are fleet 

specific. 

Vehicle Data 

These sections contain input data for each vehicle type. It is usually assumed that the number 

of vehicles in each TxDOT location will remain constant over time (though the model can 

accommodate changes over time). The sections for automobiles, light trucks, and heavy-duty 

gasoline vehicles are conceptually identical; the variable names differ only in the vehicle type 

identifier prefix of Auto, LT, or HDG. These three sections are discussed in general with the 

39 Ferrellgas, "Dispensing and Storage Systems," Liberty, Missouri, 1988. 
40 Personal communication with Jerry Hill, Amerigas Company, 1992. 
41 Personal communication with Lon Holloway, Suburban Propane, Denton, Texas, 1991. 
42 California Energy Commission, Cost and Availability of Low-Emission Motor Vehicles and Fuels, AB 234 

Report, August 1989. 
43 Phillips 66, "Propane (LP Gas) Alternative Fuel Infonnation," slide presenlation, Bartlesville, Oklahoma. 
44 Personal communication with Lon Holloway, Suburban Propane, Denton, Texas, 1991. 
45 Personal communication with Jerry Hill, Amerigas Company, 1992. 
46 Ferrellgas, "Dispensing and Storage Systems," Liberty, Missouri, 1988. 
47 Personal communication with Jerry Hill, Amerigas Company, 1992. 
48 Personal communication with Lon Holloway, Suburban Propane, Denton, Texas, 1991. 
49 California Energy Commission, Cost and Availability of Low-Emission Motor Vehicles and Fuels, AB 234 

Report, August 1989. 
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generic variable name prefix ofVehType used instead. Since the diesel section accommodates both 

dual-fuel and dedicated conversions, it is slightly different conceptually and is discussed 

separately. The input data for the automobiles, light trucks, and heavy-duty gasoline vehicles are 

as follows: 

YehType.Num.Propane.Conyerted - this is the number of vehicles converted to dual-fuel 

propane operation in a certain year. It is assumed that conversions must be performed for 

the first 10 years, since OEM vehicles are not available. 

YehI}!pe.Num.Propane.Trans - when converted vehicles reach the end of their TxDOT life 

at the beginning of a specific year, their kits and tanks are assumed to be transferred to the 

new replacement vehicles, unless OEM vehicles are available. In that case, the kit is 

salvaged. 

YehIype.Num.PrQPane,Retired - number of converted vehicles reaching the end of their 

TxDOT life at the beginning of a given year, 

YehIype,Num,OEM - number of OEM propane vehicles purchased at the beginning of a 

given year, 

VehIxJ>e,Num.OEM.Retired - number of OEM propane vehicles reaching the end of their 

TxDOT life at the beginning of a given year. 

YehT~e,Gasoline.MPG - average gasoline fuel efficiency for a particular vehicle type at a 

given location. 

YehType.miles - average annual miles traveled by a particular vehicle type at a given 

location. 

As before, because the diesel vehicle data section accommodates both dual-fuel and dedicated 

conversions, it is slightly different conceptually from the other three types of vehicles. As for 

eNG, it is assumed that only dedicated OEM vehicles will be produced (i.e" no dual-fuel OEM 

vehicles).50 The input data for heavy-duty diesel vehicles are as follows: 

50 Environmental Protection Agency. Analysis of the Economic and Environmental Effects of Compressed Natural 
Gas as a Vehicle Fuel, Vol. II. Heavy Duty Vehicles. April 1990. 
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HDD,Num,New,Ded,Conyened - this is the number of vehicles converted to dedicated 

propane operation in a certain year, It is assumed that conversions must be performed in 

years 6 through 10, since OEM vehicles are not available, It is also assumed that dedicated 

propane conversions are not available until year 6. 

HDP,Num,Ped,Kits,Trans - when dedicated converted vehicles reach the end of their 

TxDOT life at the beginning of a specific year, their kits and tanks are assumed to be 

transferred to the new replacement vehicles, unless OEM vehicles are available, In that 

case, the kit is salvaged. 

HDp,Num,Ped,Cony,Retired - number of dedicated converted vehicles reaching the end 

of their TxDOT life at the beginning of a given year. 

HDP,Num,New,Pual.Conyerted - this is the number of vehicles converted to dual-fuel 

operation in a certain year. It is assumed that conversions must be performed in years 6 

through 10, since OEM vehicles are not available. It is also assumed that dual-fuel 

conversions are not available until year 6. 

HDD,Num,Pual.Kits,Trans - when dual-fuel converted vehicles reach the end of their 

TxPOT life at the beginning of a specific year, their kits and tanks are assumed to be 

transferred to the new replacement vehicles, unless OEM vehicles are available. In that 

case, the kit is salvaged. 

HPP,Num,Pual.Conv.Retired - number of dual-fuel converted vehicles reaching the end 

of their TxDOT life at the beginning of a given year. 

HpP,Num.Ped.OEM - number of dedicated OEM propane vehicles purchased at the 

beginning of a given year, 

HDP,Num.Ded.OEM.Retired - number of dedicated OEM propane vehicles reaching the 

end of their TxDOT life at the beginning of a given year. 

HPP,Piese1.MPG - average diesel fuel efficiency for a particular vehicle type at a given 

location. 
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HDD.miles - average annual miles traveled by a particular vehicle type at a given location. 

Note that the yearly data entered for the number of new conversions, conversions retired, kits 

transferred, OEMs purchased, and OEMs retired are based on the TxDOT life of that vehicle type. 

CALCULATIONS 

A list of all the variable names (and their spreadsheet cell references) used in these calculations 

is included in the Appendix. This section gives the equations used in all calculations, with an 

explanation of the underlying assumptions where applicable. 

Vehicle Data 

Conceptually, the formulas are the same for automobile, light truck, and heavy-duty gasoline 

vehicle types. As before, the actual reference to Auto, LT, or HDG in each fonnula is replaced by 

VehType, and the diesel formulas are presented separately. 

VehType.Num.Vehicles = 
(VehType.Num.Propane.Converted + VehType.Num.OEM + 
VehType.Num.Propane.Trans) -
(VehType.Num.Propane.Retired + VehType.Num.OEM.Retired) 

VehType.Propane.mpg = 
VehType.Gasoline.MPG * VehType.Propane.MPG .Adj .Factor 

VehType.Dual.Fue1.Gasoline.MPG = 
VehType.Gasoline.MPG * VehType.Dua1.fuel.MPG.Adjust.Factor 

VehType.Annual.Propane.consump.gal = 
«VehType.Num.Vehicles * VehType.miles * VehType.Prcnt.Propane.miles) / 
VehType.Propane.mpg) * Propane.Gasoline.Factor 

VehType.Annual.gasoline.consumption.gal = 
VehType.Num.Vehic1es * VehType.miles * (1 - VehType.Prcnt.Propane.miles) / 
VehType.Dual.Fue1.Gasoline.MPG 
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An annual fuel tax is required by Texas law. The amount charged is based on weight and 

annual mileage of the vehicle. Vehicle weights are assumed to be: automobiles - less than 4,000 

lbs; light trucks - less than 4,000 lbs; and heavy-duty gasoline vehicles - between 10,001 and 

15,000 Ibs.S1 

Auto (or L T}.Annual.Propane.Fue1.Tax = 
IF(O<VehType.miles<5000,$30) 
IF(5001<VehType.miles<I0000,$60) 
IF(I000 1 <VehType.miles<15000,$90) 
ELSE($120) 

HDG.Annua1.Propane.Fue1.Tax = 
IF(O < HDG.miles < 5000, $48) 
IF(5001 < HDG.miles 10000, $96) 
IF(I0001 < HDG.miles < 15000, $144) 
ELSE($192) 

The diesel equations are as follows: 

HDD.Num.Ded.Vehicles = 
(HDD.Num.New.Ded.Converted + HDD.Num.Ded.OEM + 
HDD.Num.Ded.Kits.Trans) -
(HDD.Num.Ded.Conv.Retired + HDD.Num.Ded.OEM.Retired) 

HDD.Num.Dual.Vehicles = 
(HDD.Num.New.Dual.Converted + HDD.Num.Dua1.Kits. Trans) -
HDD.Num.Dual.Conv.Retired 

HDD.Ded.Propane.mpg = 
HDD.Diese1.MPG * HDD.Ded.Propane.MPG.Adj.Factor 

HDD.Dual.MPG = 
HDD.Diese1.MPG * HDD.Dua1.MPG.Adjust.Factor 

HDD.Annua1.Propane.consump.gal = 
«(HDD.Num.Ded.Vebicles * HDD.miles) / (HDD.Ded.Propane.mpg) * 
Propane.Diese1.Factor) + 
(HDD.Num.Dual.Vehicles * HDD.miles / HDD.Dua1.MPG) * 
HDD.Prcnt.Propane.consumed.dual * Propane.Diese1.Factor 

HDD .Annual.diese1.consumption.gal = 
(HDD.Num.Dual.Vehicles * HDD.miles / HDD.Dual.MPG) * 
(I - HDD.Prcnt.Propane.consumed.dual) 

S 1 Personal communication with Terry Eulenfeld, TxOOT, Austin, Texas. 
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The annual fuel tax for diesel-converted propane vehicles is identical to gasoline-converted 

vehicles. Heavy-duty diesel vehicle weights are assumed to be between 10,001 and 15,000 Ibs.52 

HDD.Annual.Propane.Fuel.Tax = 
IF(O<HDD.miles<5000,$48) 
IF(5001 <HDD.miles<I0000,$96) 
IF( 1 000 1 <HDD.miles< 15000,$ 144 ) 
ELSE($192) 

Fuel Prices 

Propane.Price. to. small.fleet. gallon = 
Propane.cost.at.refinery.gallon + Transportation.cost.gallon + 
Supplier .markup.small.fleet.gallon 

Propane.Price.to.1arge.fleet.gallon = 
Propane.cost.at.refinery.gallon + Transportation.cost.gallon + 
Supplier.markup.large.fleet.gallon 

Total.Propane.consumption.gal = 
Auto.Annual.Propane.consump.gal + LT.Annual.Propane.consump.gal + 
HOG .Annual.Propane.consump.gal + HDD.Annual.Propane.consump.gal 

Station Design 

Propane.Session. Time.min = 
«Autos. per. day / Number.of.Hoses) * (Switch.Time.min + 
(Auto.Propane.per.fill.gal / Propane.fill.rate.gal.min))) + 
«Light.Trucks.per.day / Number.of.Hoses) * (Switch.Time.min + 
(LT.Propane.per.fill.gal / Propane.fill.rate.gal.min))) + 
«Heavy.Gasoline.per.day / Number.of.Hoses) * (Switch.Time.min + 
(HDG.Propane.per.fill.gal / Propane.fill.rate.gal.min))) + 
«Heavy.Ded.Diesel.per.day / Number.of.Hoses) * (Switch.Time.min + 
(HDD.Ded.Propane.per.fill.gal / Propane.fill.rate.gal.min))) + 
«Heavy.Dual.Diesel.per.day / Number.of.Hoses) * (Switch.Time.min + 
(HDD.Dual.Propane.per.fill.gal / Propane.fill.rate.gal.min))) 

Supply of propane on-site (weeks) = 
(Storage.water.volume.gal * Tank.fill.percentage) / (TotaI.Propane.consump.gal /52) 

52 Personal communication with Terry Eulenfeld, TxDOT, Austin, Texas. 

15 



Autos.(or Light.Trucks. or Heavy.Gasoline.)per.day = 
(VehType.Num.Vehicles'" VehType.miles '" VehType.Prcnt.Propane.miles/ 
VehType.Propane.mpg'" Propane.Gasoline.Factor) / «VehType.Propane.per.fill.gal) '" 
Work.days.year) 

Heavy.Ded.Diesel.per.d.ay = 
(HDD.NumDed.Vehicles '" lIDD.miles / 
lIDD.Ded.Propane.mpg'" Propane.Diesel.Factor) / «(HDD.Ded.Propane.per.fill.gal) '" 
Work.days.year) 

Heavy.Dual.Diesel.per.day = 
(lIDD.Num.Dual.Vehicles '" lIDD.miles '" lIDD.Prcnt.Propane.consumed.dual / 
HDD.Dual.MPG*Propane.Diesel.Factor) / «(HDD.Dual.Propane.per.fill.gal) '" 
Work.days.year) 

Auto (L Tor HDG).Propane.per.fill.gal = 
(VehType.Fuel.Capacity.gal'" VehType.tanks.per.veh. '" Tank.fill.percentage) -
Fuel.in.empty. tank. gal 

HDD.Ded.Propane.per.fill.gal = 
(HDD.Fuel.Capacity.gal '" HDD.tanks.per.Ded.veh. '" Tank.fill.percentage) -
FueLi n.empty. tank. gal 

HDD.Dual.Propane.per.fill.gal = 
(HDD.Fuel.Capacity.gal '" HDD.tanks.per.Dual.veh. '" Tank.fill.percentage) -
Fuel.in.empty. tank. gal 

La bor Time Loss Calculations 

Labor time losses are incurred when filling propane vehicles relative to the time required to fill 

the original vehicles with gasoline or diesel (for the same vehicle usage level). Calculation of these 

losses requires the evaluation of the time that would have been required to fuel the gasoline/diesel 

vehicles. It is first necessary to calculate the number of dedicated gasoline/diesel vehicles that 

require fueling daily in order to offset the propane usage of their replacement vehicles. These 

values can then be used to calculate dedicated gasoline and diesel fueling session times which are 

directly comparable to the propane fueling session time, in order to compute the desired labor 

losses due to fueling. The computation of labor losses assumes that the fueling of converted dual­

fuel vehicles with gasoline or diesel will take the same amount of time as fueling the original 

gasoline or diesel vehicle, for the miles a dual-fuel vehicle utilizes gasoline or diesel. This is not 

entirely accurate, because gasoline/diesel fuel efficiency is expected to drop slightly when the 

vehicle is converted. However, the possible resulting error is undoubtedly small and is therefore 

ignored for simplicity and tractability of the computations. Of course, there is no error in the 

calculated equivalent number of gasoline vehicles and corresponding fueling time if 100 percent of 
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the mileage driven is on propane. 

Number.(Autos or LT.Trucks or Heavy.Gas).day = 
«VehType.Num.Vehicles * (VehType.miles * VehType.Prcnt.Propane.miles / 
VehType.Gasoline.MPG» / Work.days.year) / 
(VehType.On.board.gasoline.capacity - Fuel.in.empty.tank.gal) 

Number.Diese1.day = 
«(HDD.Num.Ded.Vehicles * (HOD.miles/ 
HDD.Diese1.MPG» / Work.days.year) / 
(HDD.On.board.diesel.capacity - Fuel.in.empty.tank.gal) + 
«(HOD.Num.Dua1.Vehicles * (HOD.miles * HDD.Prcnt.Propane.consumed.dual / 
HDD.Diesel.MPG» /Work.days.year) / 
(HDD. On. board.diesel.capacity - Fuel.in.empty .tank.gal) 

The following two equations give the continuous fueling session times necessary if dedicated 

gasoline and diesel vehicles are retained. 

Ded.Gasoline.Session.Time = 
«Number.Autos.day / Number.Gasoline.hoses) * 
(Gasoline.diesel.switch.time + «Auto.On.board.gasoline.capacity -
Fuel.in.empty.tank.gal) / Gasoline.fill.rate.gal.min») + 
«Number. LT. Trucks. day / Number.Gasoline.hoses) * 
(Gasoline.diesel.switch.time + «LT.On.board.gasoline.capacity - Fuel.in. empty. tank. gal) 
/ Gasoline.fill.rate.gal.min») + 
«Number.Heavy.Gas.day / Number.Gasoline.hoses) * 
(Gasoline.diesel.switch.time + «(HOG.On.board.gasoline.capacity -
Fuel.in.empty. tank. gal) / Gasoline.fill.rate.ga1.min») 

Ded.Diese1.Session.Time = 
«Number.Diese1.day / Number.Diesel.hoses) * 
(Gasoline.diesel.switch.time + «HDD.On.board.diese1.capacity - Fuel.in.empty.tank.gal) 
/ Diese1.ftll.rate.ga1.min») 

Savings 

Savings are computed for propane prices corresponding to two fuel-purchasing strategies: 

small-volume purchases (at a higher price), or large-volume purchases. The Cumulative NPV can 

then be computed for both propane volume purchase strategies, and the most cost-effective 

purchase strategy is then chosen for the fleet in question. (This strategy is indicated on the 

Summary Sheet.) The following first two formulas are used for both small- and large-volume 

purchases. The third fonnula is for the computation of maintenance savings given the maintenance 

cost differences input by the user. 
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Gasoline Savings (Auto or LT or HOG) = 
««VehType.miles * VehType.Num.Vehicles) / 
VehType.Gasoline.MPG) * Gasoline.Price.gallon) -
(VehType.Annual.Propane.consump.gal * Propane.Price. to. small ( or large ).fleet.gallon) -
(VehType.Annual.gasoline.consump.gal * Gasoline.Price.gallon)) 

Diesel Savings = 
««HDD.miles * (HDD.Num.Ded.Vehicles + HDD.Num.Dual.Vehicles)) / 
HDD.Diesel.MPG) * Diesel.Price.gallon) -
(HDD.Annual.Propane.consump.gal * Propane.Price.to.small(or large).fleet.gallon) -
(HDD.Annual.diesel.consump.gal * Diesel.Price.gallon)) 

Maintenance savings = 

Costs 

(Auto.Num.Vehicles * Auto.Maint.Cost.Diff) + 
(LT.Num.Vehicles * LT.Maint.Cost.Diff) + 
(HDG.Num.Vehicles * HDG.Maint.Cost.Diff) + 
(HDD.Num.Ded.Vehicles * HDD.Maint.Cost.Diff.Ded) + 
(HDD.Num.Dual.Vehicles * HDD.Maint.Cost.Diff.Dual) 

Infrastructure 

Land.costs are assumed to be negligible for TxDOT. 

Station.setup.costs = 
Station.Setup.Cost.Factor * Storage.Dispenser.costs.small(or large).fleet 

vehicle 

Conversion.Kit.costs = 
«Auto.Num.Propane.Converted * Auto.Conv.Kit.Cost) + 
(LT.Num.Propane.Converted * LT. Conv. Kit. Cost) + 
(HDG.Num.Propane.Converted * HDG.Conv.Kit.Cost) + 
(HDD.Num.New.Ded.Converted * HDD.Ded.Conv.Kit.Cost) + 
(HDD.Num.New.Dual.Converted * HDD.Dual.Conv.Kit.Cost)) -
«(Auto.Num.Propane.Retired - Auto.Num.Propane.Trans) * 
Auto.Conv.Kit.Salvage.Value) + 
«LT.Num.Propane.Retired - LT.Num.Propane.Trans) * 
LT.Conv.Kit.Salvage.Value) + 
«HDG.Num.Propane.Retired - HDG.Num.Propane.Trans) * 
HDG.Conv.Kit.Salvage.Value) + 
«(HDD.Num.Ded.Conv.Retired - HDD.Num.Ded.Kits.Trans) * 
HDD.Ded.Conv.Kit.Salvage.Value) + 
«(HDD.Num.Dual.Conv.Retired - HDD.Num.Dual.Kits.Trans) * 
HDD.Dual.Conv.Kit.Salvage.Value)) 
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Tanks.costs = 
(Auto.Num.Propane.Converted * Auto.Tank.cost * Auto.tanks.per.veh.) + 
(LT.Num.Propane.Converted * LT.Tank.cost * LT.tanks.per.veh.) + 
(HDG.Num.Propane.Converted * HDG.Tank.cost * HDG.tank:s.per.veh.) + 
(HDD.Num.New.Ded.Converted * HDD.Tank.cost * HDD.tank:s.per.Ded.veh.) + 
(HDD.Num.New.Dual.Converted * HDD.Tank.cost * HDD.tanks.per.Dual.veh.) -
«Auto.Num.Propane.Retired * Auto.Tank.Salvage.Value * Auto.tanks.per.veh.) + 
(LT.Num.Propane.Retired * LT.Tank.Salvage.Value * LT.tanks.per.veh.) + 
(HDG.Num.Propane.Retired * HDG.Tank.Salvage.Value * HDG.tanks.per.veh.) + 
(HDD.Num.Ded.Conv.Retired * HDD.Tank.Salvage.Value * HDD.tanks.per.Ded.veh.) + 
(HDD.Num.Dual.Conv.Retired * HDD.Tank.Salvage.Value * HDD.tanks.per.Dual.veh.)) 

Labor.costs = 
«Auto.Num.Propane.Converted + Auto.Num.Propane.Trans) * Auto.Conv.lab.cost) + 
«LT.Num.Propane.Converted + Lt.Num.Propane.Trans) * LT.Conv.lab.cost) + 
«(HDG.Num.Propane.Converted + HDG.Num.Propane.Trans) * HDG.Conv.lab.cost) + 
«HDD.Num.New.DecLConverted + HDD.Num.Ded.Kits.Trans) * 
HDD.Ded.Conv.lab.cost) + 
«(HDD.Num.New.Dual.Converted + HDD.Num.Dual.Kits.Trans) * 
HDD.Dual.Conv.lab.cost) 

OEM.costs = 
«Auto.Num.OEM * Auto.OEM.Cost.Dift) + 
(L T.Num.OEM * LT.OEM.Cost.Dift) + 
(HDG.Num.OEM*HDG.OEM.Cost.Dift) + 
(HDD.Num.Ded.OEM*HDD.OEM.Cost.Dift)) -
«Auto.Num.OEM.Retired * Auto.OEM.Salvage.Value) + 
(LT.Num.OEM.Retired * LT.OEM.Salvage.Value) + 
(HDG.Num.OEM.Retired * HDG.OEM.Salvage.Value) + 
(HDD.Num.Ded. OEM. Retired*HD D. OEM. S alvage.Value)) 

Labor Fueling Time Loss = 
((Number.of.Hoses * Propane.Session.Time.min -
Number.Gasoline.hoses * Ded.Gasoline.Session.Time -
Number.Diesel.hoses * Ded.Diesel.Session.Time) / 60) ,.. 
Work.days.year * Labor. Cost. hour 

Propane Fuel Tax = 
Auto.Num.Vehicles * Auto.Annual.Propane.Fuel.Tax + 
LT.Num.Vehicles * LT.Annua1.Propane.Fuel.Tax + 
HDG.Num.Vehicles * HDG.Annual.Propane.FueLTax + 
HDD.Num.Ded. Vehicles * HDD .Annual.Propane.Fuel. Tax + 
HDD.Num.DuaLVehicles*HDD.Annual.Propane.Fuel.Tax 

Additional training can include costs to train mechanics to work on propane vehicles, costs to 

train drivers to operate propane vehicles, costs to train maintenance workers to perform fueling 

station maintenance, etc. For TxDOT fleets there is no cost added for this item. 
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Cumulative Net Present Value (NPV) 

Cwnulatiye,NPY,small(or larKel.fleet - the cumulative NPY of all costs and benefits (of 

CNG vehicle operation relative to gasoline/diesel) over the 30-year analysis period is the 

major output of the spreadsheet model. 

Cost (or Benefit) Per Vehicle Per Year and Cost (or Benefit) Per Mile 

Cost.per,yeh,per,year,smaU(or laue),yolume - the cost (or benefit) per vehicle per year is 

calculated by computing an annuity equivalent to the Cumulative NPY and then dividing 

this annuity by the number of vehicles in the fleet in Year 30. Note that this value is not as 

meaningful if the number of vehicles varies over the analysis time horizon as it would be 

for a constant number of vehicles. Also note that each vehicle type is given equal weight in 

the calculation, 

The cost per mile (shown only on the Summary Sheet) is computed similarly, except that the 

annualized Cumulative NPY is divided by the annual miles driven by the fleet. Diesel vehicle miles 

are adjusted downward by one-sixth, to account for the fact that diesel vehicles are not introduced 

until year six (out of 30). 

Both of these costs allow one to compare conversion of different size fleets or to compute items 

such as gasoline taxes required to make conversion cost-effective. 

EMBEDDED MODEL ASSUMPTIONS 

This section presents the embedded model assumptions that have not been discussed 

previously. 

It is assumed that the cost of electric power to run the propane dispenser pumps is the same as 

that to power gasoline and diesel dispenser pumps. This is assumed even though (1) a larger 

volume of propane must be pumped to achieve equivalent energy with either gasoline or diesel and 

(2) the propane system is technologically different in that it is sealed. 

No savings are accrued for maintenance savings because of reduced usage of gasoline/diesel 

fuel dispensers. Nor are any savings given for possible elimination of gasoline/diesel fueling 

stations, such as those required for underground gasoline/diesel tank inspection and maintenance. 
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Conversion costs are not automatically adjusted over time to attempt to account for factors such 

as kit technology improvements of increasingly complex gasoline engine controls. 

It is assumed that the original conversion kits (and tanks) are used until OEM vehicles become 

available. regardless of the mileage on the kits (and tanks). 
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APPENDIX 
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Variable Name 

Annual.Fuel.Price.Adjustment 
Auto.Annual.gasoline.consump.gal 
Auto.Annual.Propane.consump.gal 
Auto.Annual.Propane.Fuel. Tax 
Auto.Conv .Kit. Cost 
Auto.Conv.Kit. S alvage. Val ue 
Auto.Conv.lab.cost 
Auto.Dual.Fue1.Gasoline.MPG 
Auto.Dual.fuel.MPG.Adjust.Factor 
Auto.Fuel. Capacity .gal 
Auto.Gasoline.MPG 
Auto.Maint.Cost.Diff 
Auto.miles 
Auto.Num.OEM 
Auto.Num.OEM.Retired 
Auto.Num.Propane.Converted 
Auto.Num.Propane.Retired 
Auto.N um.Propane.Trans 
Auto. Num.Vehic1es 
Auto.OEM.Cost.Diff 
Auto.OEM.Salvage. Value 
Auto.On.board.gasoline.capacity 
Auto.Prcnt.Propane.miles 
Auto.Propane.mpg 
Auto.Propane.MPG.Adj.Factor 
Auto.Propane. per.fill.gal 
Auto.Tank.cost 
Auto.Tank.Salvage. Value 
Auto.tanks. per.veh. 
Autos. per.day 
Conversion.Kit.costs 

Cost.per.veh.per.year.large.volume 
Cost.per.veh.per.year.small.volume 
Cumulative. NPV .large. fleet 
Cumulative.NPV.small.fleet 
Ded.Diesel.Session.Time 
Ded.Gasoline.Session.Time 
Diesel.fil1.rate.gal.min 
Diesel.Price.gallon 
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Cell Reference 

=$B$260 
=$B$l 09;$AH$l 09 
=$B$108:$AH$108 
=$B$121:AF$121 
=$B$llO:$AH$110 
=$B$lll:$AH$lll 
=$B$112:$AH$112 
=$B$105:$AH$105 
=$B$l04:$AH$l04 
=$B$117:$AH$117 
=$B$ 100:$AH$ 100 
=$B$120:$AH$120 
=$B$107 :$AH$107 
=$B$96:$AH$96 
=$B$98:$AH$98 
=$B$90:$AH$90 
=$B$94:$AH$94 
=$B$92:$AH$92 
=$B$88:$AH$88 
=$B$115:$AH$115 
=$B$116:$AH$116 
=$A$122:$AH$122 
=$B$119:$AH$119 
=$B$103:$AH$103 
=$B$ 102:$AH$ 102 
=$B$275:$AH$275 
=$B$113:$AH$113 
=$B$114:$AH$114 
=$B$118:$AH$118 
=$B$270:$AH$270 
=$B$22:$AH$22 
$B$64:$AH$64 

=$B$84 
=$B$42 
=$AI$79 
=$AI$37 
=$B$294:$AH$294 
=$B$293 :$AH$293 
=$B$284:$AH$284 
=$B$259:$AH$259 



Variable Name Cell Reference 

Discount.Rate =$B$302 
Federal.tax.gallon.propane =$B$257 :$AH$257 
Fuel.in.empty. tank.gal =$B$299 
Gasoline.diesel.switch. time =$B$285 :$AH$285 
Gasoline.fill.rate. gal.min =$B$283 :$AH$283 
Gasoline.Price.gallon =$B$258:$AH$258 
HDD.AnnuaLdiesel.consump.gal =$B$230:$AH$230 
HDD.Annual.Propane.consump.gal =$B$229:$AH$229 
HDD.Annual.Propane.Fuel.Tax =$B$247:$AH$247 
HDD.Ded.Conv.Kit.Cost =$B$231 :$AH$231 
HDD.Ded.Conv.Kit.Salvage.Value =$B$232:$AH$232 
HDD.Ded.Conv.lab.cost =$B$233:$AH$233 
HDD.Ded.Propane.mpg =$B$224:$AH$224 
HDD.Ded.Propane.MPG.Adj.Factor =$B$223:$AH$223 
HDD.Ded.Propane.per.fill.gal =$B$278:$AH$278 
HDD.Diesel.MPG =$B$221 :$AH$221 
HDD.Dual.Conv.Kit.Cost =$B$234:$AH$234 
HDD.Dual.Conv.Kit.Salvage.Value =$B$235:$AH$235 
HDD.Dual.Conv.lab.cost =$B$236:$AH$236 
HDD.Dual.MPG =$B$226:$AH$226 
HDD.Dual.MPG.Adjust.Factor =$B$225:$AH$225 
HDD.Dual.Propane.per.fill.gal =$B$279:$AH$279 
HDD.Fuel.Capacity.gal =$B$241 :$AH$241 
HDD.Maint. Cost.Diff.Ded =$B$245:$AH$245 
HDD.Maint. Cost-Diff.Dual =$B$246:$AH$246 
HDD.miles =$B$228:$AH$228 
HDD.Num.Ded.Conv.Retired =$B$209:$AH$209 
HDD.Num.Ded.Kits.Trans =$B$207:$AH$207 
HDD.Num.Ded.OEM =$B$217:$AH$217 
HDD.Num.Ded.OEM.Retired =$B$219:$AH$219 
HDD.Num.Ded.Vehicles =$B$202:$AH$202 
HDD.Num.Dual.Conv.Retired =$B$215:$AH$215 
HDD.Num.Dual.Kits.Trans =$B$213:$AH$213 
HDD.Num.Dual. Vehicles =$B$203:$AH$203 
HDD.Num.New.Ded.Convened =$B$205:$AH$205 
HDD.Num.New.Dual.Convened =$B$211:$AH$211 
HDD.OEM.Cost.Diff =$B$239:$AH$239 
HDD. OEM.Salvage. Value =$B$240:$AH$240 
HDD.On.board.dieseLcapacity =$B$248:$AH$248 
HDD.Prcnt.Propane.consumed.dual =$B$244:$AH$244 

24 



Variable Name 

HDD.Tank.cost 
HDD. Tank.Salvage. Value 
HDD.tanks. per.Ded. veh. 
HDD.tanks.per.Dual.veh. 
HDG .Annual.gasoline.consump.gal 
HDG.Annual.Propane.consump.gal 
HDG.Annual.Propane.Fuel.Tax 
HDG.Conv.Kit.Cost 
HDG.Conv.Kit.Salvage.Value 
HDG. Cony .lab.cost 
HDG .Dual.Fuel.Gasoline.MPG 
HDG.Dual.fuel.MPG.Adjust.Factor 
HDG.Fuel.Capacity.gal 
HDG.Gasoline.MPG 
HDG.Maint.Cost.Diff 
HDG.miles 
HDG.Num.OEM 
HDG.Num.OEM.Retired 
HDG.Num.Propane.Converted 
HDG.Num.Propane.Retired 
HDG.Num.Propane. Trans 
HDG.N urn. Vehicles 
HDG.OEM.Cost.Diff 
HDG.OEM.Salvage.Value 
HDG.On.board.gasoline.capacity 
HDG.Prcnt.Propane.miles 
HDG.Propane.mpg 
HDG.Propane.MPG.Adj.Factor 
HDG.Propane.per.fill.gal 
HDG. Tank.cost 
HDG. Tank.Salvage. Value 
HDG.tanks.per.veh. 
Heavy.Ded.Diesel.per.day 
Heavy. Dual.Diesel. per.day 
Heavy.Gasoline.per.day 
Labor.Cost.hour 
Labor.costs 

Land.costs 

25 

Cell Reference 

=$B$237 :$AH$237 
=$B$238:$AH$238 
=$B$242:$AH$242 
=$B$243:$AH$243 
=$B$185 :$AH$185 
=$B$184:$AH$184 
=$B$197:$AH$197 
=$B$186:$AH$186 
=$B$187:$AH$187 
=$B$188:$AH$188 
=$B$181:$AH$181 
=$B$180:$AH$180 
=$B$193:$AH$193 
=$B$176:$AH$176 
=$B$196:$AH$196 
=$B$183:$AH$183 
=$B$172:$AH$172 
=$B$174:$AH$174 
=$B$166:$AH$166 
=$B$170:$AH$170 
=$B$168:$AH$168 
=$B$l64:$AH$l64 
=$B$191:$AH$191 
=$B$192:$AH$192 
=$B$198:$AH$198 
=$B$195 :$AH$195 
=$B$179:$AH$179 
=$B$178:$AH$178 
=$B$277 :$AH$277 
=$B$189:$AH$189 
=$B$190:$AH$190 
=$B$194:$AH$194 
=$B$273:$AH$273 
=$B$27 4:$AH$27 4 
=$B$272:$AH$272 
=$B$286:$AH$286 
=$B$24:$AH$24 

$B$66:$AH$66 
=$B$16:$AH$16 
$B$58:$AH$58 



Variable Name 

Light. Trucks.per.day 
L T.Annual.gasoline.consump.gal 
L T.Annual.Propane.consump.gal 
LT.Annual.Propane.FueI.Tax 
LT.Conv.Kit.Cost 
LT.Conv.Kit.Salvage.Value 
LT.Conv.lab.cost 
L T.Dual.Fuel.Gasoline.MPG 
LT.DuaLfueLMPG.Adjust.Factor 
LT.FueLCapacity.gal 
LT.Gasoline.MPG 
L T.Maint.Cost.Diff 
LT. miles 
LT.Num.OEM 
L T.Num.OEM.Retired 
L T.Num.Propane.Converted 
L T.Num.Propane.Retired 
Lt.Num.Propane. Trans 
LT.Num.Vehic1es 
LT.OEM.Cost.Diff 
LT.OEM.Salvage.Value 
LT. On.board.gasoline.capacity 
LT.Prcnt.Propane.miles 
LT. Propane. mpg 
LT.Propane.MPG.Adj.Factor 
LT.Propane.per.fill.gaI 
LT. Tank. cost 
LT. Tank.Salvage.Value 
LT.tanks.per.veh. 
Number.Autos.day 
Number Diesel.day 
N urn ber.Diesei. hoses 
Number.Gasoline.hoses 
Number.Heavy.Gas.day 
Number.LT.Trucks.day 
N umber.of.Hoses 
OEM.costs 

Propane.cost.at.refinery. gallon 
Propane.Diesel.Factor 

26 

Cell Reference 

=$B$271 :$AH$271 
=$B$147 :$AH$147 
=$B$146:$AH$146 
=$B$159:$AH$159 
=$B$148:$AH$148 
=$B$149:$AH$149 
=$B$150:$AH$150 
=$B$143:$AH$143 
=$B$142:$AH$142 
=$B$155:$AH$155 
=$B$138:$AH$138 
=$B$158:$AH$158 
=$B$145:$AH$145 
=$B$134:$AH$134 
=$B$136:$AH$136 
=$B$128:$AH$128 
=$B$132:$AH$132 
=$B$130:$AH$130 
=$B$126:$AH$126 
=$B$153:$AH$153 
=$B$154:$AH$154 
=$B$ 160:$AH$ 160 
=$B$157 :$AH$157 
=$B$141:$AH$141 
=$B$ 140:$AH$ 140 
=$B$276:$AH$276 
=$B$151:$AH$151 
=$B$152:$AH$152 
=$B$156:$AH$156 
=$B$289:$AH$289 
=$B$292:$AH$292 
=$B$288:$AH$288 
=$B$287 :$AH$287 
=$B$291 :$AH$291 
=$B$290:$AH$290 
=$B$269:$AH$269 
=$B$25:$AH$25 

$B$67 : $AH$ 67 
=$B$253:$AH$253 
=$B$301 



Variable Name 

Propane.fill.rate. gal.min 
Propane.Gasoline.Factor 
Propane.Price. to. large. fleet. gallon 
Propane.Price. to. small. fleet.gallon 
Propane.Session. Time.min 
Station.Setup. Cost.Factor 
Station.setup.costs 

Storage.Dispenser.costs.large.fleet 
Storage.Dispenser.costs.small.fleet 
Storage. water. volume. gal 
Supplier.markup.large.fleet.gallon 
Supplier.markup.small.fleet.gallon 
Switch.Time.min 
Tank.fill.percentage 
Tanks.costs 

Total.Propane.consump.gal 
Transportation.cost.gallon 
Work.days.year 

27 

Cell Reference 

=$B$266:$AH$266 
=$B$300 
=$B$252:$AH$252 
=$B$251 :$AH$25 1 
=$B$265:$AH$265 
=$B$280:$AH$280 
=$B$17:$AH$17 

$B$59:$AH$59 
=$B$60:$AH$60 
=$B$18:$AH$18 
=$B$267 :$AH$267 
=$B$256:$AH$256 
=$B$255:$AH$255 
=$B$264:$AH$264 
=$B$298 
=$B$23:$AH$23 

$B$65:$AH$65 
=$B$261 :$AH$261 
=$B$254:$AH$254 
=$B$297 



N 
00 

Automobiles 

Ugh! Trucks 
Heavy Duty Trucks 

Diesel Price Diff. 

Convemon Kit 

Tanks 
Labor 

OEM 
Subtotal 

SLalion MainL 
Labor - fuel time loss 
Propane Fuel Tax 

Additional training 

$0.0252 

$0.0170 

$0.0231 

&>u ...... ."., DATA OEM Cost 

IDISCOUNT RATE 10.0%1 

FUEL PRICES 

Large Volume IOlliER FACTORS 
$15.00 I Propane Price/gallon $0.43 Labor Cost ($/hr) 

Gasoline Price/gallon $0.89 

Diesel Price/gallon $0.85 STATION DESIGN 

Storage tank wa1er volume (gal) 14,400 

Number of dispenser hoses 2 

MAJOR ASSUMPTIONS 
1. OEM vehicles are available at the beginning of year 11. 
2. Diesel conversions are assumed available at the beginning of year 6. 

3. Vehicles are sold off at the end of the year when they reacl1the following mileage totals: 

Automobiles 90,000 
light Trucks 90,000 
Heavy Duty Gasoline 90,000 
Heavy Duty Diesel 150,000 

t Benefttlvehidelyear $97.00 t 

tIncrementai Benefttlmile 

Summary Sheet 



A J 0 P Q 

1 
2 
3 PerIod II IJ 
4 SAVINGS 
5 Ouolille Price Diff. 19,313 
6 931 
7 1.S,165 15,165 15,165 
8 3,211 3,211 3,217 
9 -13,453 -13,453 :!3,4S3 
10 MalnteDmce 0 0 0 
11 
12 Total Savill 5.860 S.860 
13 
14 COSTS 

0 0 0 0 0 
0 0 0 0 
0 0 0 0 

N 
\D 81,100 0 0 -6.000' 0 

39.800 0 0 0 0 
49.900 0 0 0 

0 0 
110.800 0 

SOO 500 
72 3,1~ 

21,360 21,3«.1 

25,032 

25,032 

-7,595 
-1,818 

-368,149 
4.l11 



w 
o 

43 
44 
45 
46 

LAKG 

'mod 
SAVINGS 
Guollne Price Ditf. 

Convemioo Kit 
Tanks 
Labor 
OEM 

Subl""'l 

12.6211 
01 

236 

F G 

3 4 5 

75.716 75.776 
3.654 3.654 

59.so1 59.so1 
12.621 12,621 

0 0 

page 2 

H K 

6 , 
! 

75,776 75.7161 75,716 75,776 
3,654 

------------r-------
3.654 3,654 3,654 

59.501 59.so1 59..so1 59,S01 
12,621 12,621 12,621 

-410 -410 -410 
0 0 

75,366 

-1.629 
-691 

-26,743 
2.358 

L M N 0 P Q 

10 11 12 13 14 15 

75,176 75,716 15.776 88,759 88,159 88,759 
3,654 4,280 4,280 4,280 

'9.so1· 69695 69.695, 69695 
12,621 14,184: 14,184 14,784 

-410 1.128: 1,128 1.128 
0 0 0 0 

75,366 71..so3 11,503 90,487 90.487 90.487 

o o o 
o o o 

o o 

o 

26,032 26,032 

50,063 28,063 26,()32 

48,211 27,441 49,441 64,454 64,454 
1&,611 9,618 15,753 16,973 15,430 
-8,132 1,486 17,239 42,599 58,()29 
2.594 2.SS3 3.138 3.797 4.177 



A B C D E F G H I J K L M N 0 P Q 

85 Period BePaI 1 2. 3 4 5 6 7 8 , 10 11 11 13 14 15 
86 VEHICLE DATA 
87 AUlomoblles: 

88 Nwnber of Vebiclai 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 

90 Number N .... Conversions 10 

92 Number KiIs 1'lmId:erred 10 10 
94 Number ConversloDs Retired 10 

--r---
10 10 

96 Number OEM 10 
98 Number OEM Retired 
100 Gasoline MPG 19.0 19.0 19.0 19.0 19.0 19.0 19.0 19.0 19.0 19.0 19.0 19.0 19.0 19.0 19.0 19.0 
102 Propane MPG Adjust. Factor 1 1 1 1 1 1 I I I I 1 1 1 1.1 1.1 1.1 
103 Propane MPG (gasoline. equivalent) 19.0 19.0 19.0 19.0 19.0 19.0 19.0 19.0 19.0 19.0 19.0 19.0 19.0 20.9 20.9 20.9 
104 Dusl-fuel MPG Adjust. Factor I 1 I I I 1 I 1 I I 1 I I I I I 
105 Dusl-Fuel Gasoline MPG 19.0 19.0 19.0 19.0 19.0 19.0 19.0 19.0 19.0 19.0 19.0 19.0 19.0 19.0 19.0 19.0 
107 Annual miles traveled per vehicle 22.soo 22.500 22.soo 22,5'00 22.soo 22,500 22,500 22.soo 22,500 22,500 22.soo 22,5'00 22.500 22,5'00 22,5'00 22,5'00 
108 Annual Propane COIISIIIIlp (gal) 16,014 16,014 16,014 16,Ql4 16P14 16,014 16Pl4 16,014 16.014 16,014 16.014 16,014 14,558 14,558 14,558 
109 Annual gasoline consump (gal) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
110 Conversioo Kit Cost $700 S700 $700 5700 $700 5700 $700 5700 5700 5700 $700 $700 ! $700 $700 5700 $700 
111 Cony. Kit Salvage Value $15'0 515'0 515'0 515'0 51SO $15'0 SI5'O $15'0 $15'0 $15'0 $15'0 $ISO $15'0 515'0 515'0 51SO 
112 Cony. labor cost 5$70 $510 $$70 S$70 $570 S570 $570 $$70 5S70 $570 5$70 ssm $570 $$70 $$70 $570 
113 TlIIIk cost 5330 $330 5330 5330 5330 $330 $330 $330 5330 $330 5330 $330 5330 $330 $330 5330 
114 TlIIIk Salvage Value $0 $0 $0 $0 $0 $0 $0 50 $0 $0 $0 $0 $0 $0 $0 $0 
115 OEM Cost Diffenmce S400 S400 S400 S400 S400 S400 S400 S400 $400 S400 S400 $400 $400 S400 S400 S400 
116 OEM SaJvlle Value Difference SIOO $100 $100 SI00 SIOO Sl00 5100 $100 $100 SIOO $100 $100 5100 $100 $100 $100 
117 Propane tan.I< water volwne (gal) 27 27 27,----27_ 27 27 27 27 27 27 27 27 27 27 27 27 
118 Nwnber tanlcI/Veh. I I I I I 1 ~cl_ 1 I I I I I I I I 
119 '*' Propane miles lOO,*, 100% 100,*, 100% 100% 100% lOO,*, lOO,*, 100% 100'1> l00,*, 100% lOO,*, 100% 100,*, 100% 
120 Malnt. Cost Difference[year $0 $0 $0 SO $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 
121 Annual Propane Fuel Tu: per vehicle $120 5120 $120 $120 5120 SI20 S120 5120 $120 SI20 SI20 $120 $120 $120 $120 $120 
122 On-board gasoline capeclty 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 



\..oj 

N 

123 
124 
125 
126 
128 
130 
132 
134 
136 
138 
140 
141 
142 
143 
145 
146 
147 
148 
149 
150 
151 
152 
153 
154 
155 
156 
157 
158 
159 
160 

A 
Period 

VEHICLE DATA 

Light Tru."': 
Number of Vehicles 

Number New Cooversions 

Number Kits Tnnsfened 

Number Conversioos Retired 
Number OEM 
Number OEM Retired 

Gasoline MPG 
Propane MPG Adjust. Factor 
Propane MPG (gasoline equivalent) 
Dual-fuel MPG Adjust. Factor 
Dual-Fuel Gasoline MPG 
Annual miles tJaveled per vehicle 
Annual Propane COIlsump (gal) 
Annual gasoline consump (Ra!) 
Conversioo Kit Cost 
Conv. Kit Salvage Value 
Conv. labor cost 
Tank cost 
Tank Salvage Value 
OEM Cost Difference 
OEM Salvage Value Difference 
Propane tank water volume (gal) 
Number tanlcs/veh. 
% Propane miles 
Mainl Cost Difference/year 
Annual Propane Fuel Tax per vehicle 
On-board J!8Soline capacity 

B C 
Begin I I 

120 120 

120 

14.0 14.0 
1 1 

14.0 14.0 
1 1 

14.0 14.0 
22,500 22,500 

260,796 
0 

S570 S570 
S150 SI50 
S340 $340 
S280 S2!Kl 

$0 $0 
$400 $400 

SI00 SI00 
31 31 

1 1 
100% 100% 

$0 $0 
$120 5120 

18 18 

0 E F G H 
2 3 4 5 6 

120 120 120 120 120 

120 

120 

14.0 14.0 14.0 14.0 14.0 
1 1 1 1 1 

14.0 14.0 14.0 14.0 14.0 
1 1 1 1 1 

14.0 14.0 14.0 14.0 14.0 
22,500 22,500 22,500 22,500 22,500 

260,796 260,796 260,796 260,796 260,796 
0 0 0 0 0 

S570 S570 S570 S570 S570 
SI50 S150 SI50 SI50 S150 
5340 S340 5340 S340 $340 
$280 $280 $280 $280 $280 

$0 $0 $0 $0 $0 
$400 $400 S400 $400 $400 
$100 SI00 SI00 SI00 SI00 

31 31 31 31 31 
1 1 1 1 1 

100% 100% 100% 100% 100% 
$0 $0 $0 $0 50 

$120 5120 $120 SI20 S120 
18 18 18 18 18 
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I J K L M N 0 P Q 
7 8 9 10 II 12 13 14 15 

120 120 120 120 120 120 120 120 120 

120 

120 120 
120 

14.0 14.0 14.0 14.0 14.0 14.0 14.0 14.0 14.0 
1 1 1 1 1 1 1.1 1.1 1.1 

14.0 14.0 14.0 14.0 14.0 14.0 15.4 15.4 15.4 
1 1 1 1 1 1 1 1 1 

14.0 14.0 14.0 14.0 14.0 14.0 14.0 14.0 14.0 
22,500 22,500 22,500 22,500 22,500 22,500 22,500 22,500 22,500 

260,796 260,796 260,796 260,796 260,796 260,796 237J)87 237,087 237,087 
0 0 0 0 0 0 0 0 0 

S570 S570 S570 S570 S570 S570 S570 S570 S570 
SI50 5150 5150 5150 5150 S150 S150 5150 S150 
S340 S340 S340 S340 S340 S340 S340 S340 $340 

$280 S2!Kl $280 S280 S280 $280 S280 S280 $2!Kl 
$0 $0 $0 SO $0 $0 $0 $0 $0 

$400 $400 $400 $400 $400 $400 $400 $400 $400 

5100 5100 SI00 SI00 SI00 SI00 SI00 SI00 SI00 
31 31 31 31 31 31 31 31 31 

1 1 1 1 1 1 1 1 1 
100% 100% 100% 100% 100% 100% 100% 100% 100% 

$0 $0 $0 $0 $0 $0 $0 $0 $0 
S120 SI20 S120 $120 SI20 SI20 $120 $120 $120 

18 18 18 18 18 18 18 18 18 



A B C 0 E F G H I J K L M N 0 P Q 

161 Per .... Begin 1 1 2 3 4 5 (; 7 8 " 10 11 12 13 14 15 
162 VEHICLE DATA 
163 B-, Did, GlI!IOIme: 
164 Numbea- of VeblcIes 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 

166 Number New COOveniODll 10 
168 Number Kill Tnmsfm-ed 10 10 
170 Number ConvetSiGPs Retired 10 10 10 
172 Number OEM 10 
174 Number OEM Retired 
176 GasoliDe MPG 5.5 5.5 ~ 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 55 5.5 5.5 5.5 
178 I'roIlaIIe MPG Adjust. Factor 1 1 1 r----;;J I 1 I 1 1 I 1 1 1 l.l 1.1 1.1 
179 I'roIlaIIe MPG (DsoI1ne equivalent) 5.5 5.5 f5 5.5 5.5 5.5 5.5 5.5 ... ~ ~ ... 5.5 55 5.5 5.5 6.1 6.1 6.1 
180 Dual-fuel MPG Adjust. Factor 1 I 1 I I I I 1 1 1 1 I I I I I 
181 Dual-Fuel Gasollim MPG 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 S.S 5.5 
183 Annual miles traveled per vehicle 22,soo 22,500 22,soo 22,soo 22,soo 22,soo 22,500 22,500 22,500 22,soo 22,soo 22,soo 22,500 22,500 22,500 22,soo 
184 Annuall'rollalle ccn_f2aD 55,320 55,320 55,320 55,320 55,320 55,320 55,320 55,320 55,320 5S,320 55,320 55,320 50,291 50,291 ~,29i 
185 Annual psoline COIlSUmIl (gal) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

~ Con" .... ian Kil Cost S570 SS70 $570 S570 S570 SS70 $570 5570 SS70 S570 S570 5570 $570 5570 $570 S570 
187 eon", Kil Salvage Value 5150 SISO 5150 $150 $150 $150 $150 5150 $150 5150 $150 $ISO $150 $150 $150 $150 
188 CODY. labor cost $340 $340 $340 5340 $340 5340 $340 5340 $340 $340 $340 $340 $340 $340 $340 $340 
189 Tank COS! $290 5290 1----s290 $290 $290 $290 $290 5290 5290 $290 $290 $290 $290 5290 5290 $290 
190 Tank SaI ... ge Value $0 $0 SO SO SO $0 SO $0 $0 SO SO $0 $0 $0 SO $0 
191 OEM Cost Difference $450 $450 $450 $450 $450 $4SO $4SO $450 $450 $450 $450 $450 $450 $450 $450 $450 
192 OEM SaIvlIII.e Value DIfference 5100 $100 5100 $100 $100 $100 $100 5100 $100 $100 $100 

.. $lOO 
Sl00 $100 SI00 $100 

193 Propane u.nk wa\er wlume (gal) 43 43 43 43 43 43 43 43 43 43 43 43 43 43 43 43 
194 Numbea-IaDks/VeII, 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
195 % I'nlPane miles 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 
196 Mainl Cost DiffenmcelYear $0 $0 $0 so $0 $0 $0 $0 $0 $0 $0 $0 SO $0 $0 $0 
197 Annual Propane Fuel Tax per whiele SI92 5192 5192 $192 SI92 5192 SI92 SI92 5192 5192 SI92 SI92 SI92 5192 SI92 $192 
198 On-board l!.asoIlne caoacitv 2S 25 2S 2S 2S 25 2S 2S 25 25 2S 2S 25 2S 2S 2S 
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A 8 C D E F G H L 0 P 
199 Period Inl 2. 3 4 5 (; 10 
200 VEHICLE DATA 
201 Heavy Duty DIesel: 
202 Number of Oed. Propane Vehicles 0 0 W 

20 Number of Dual-Fuel Vehicles 0 0 0 

20 

9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 
0.74 0.14 0.74 0.74 0.74 0.14 0.8 0.8 0.8 0.8 0.8 

6.71 6.7 6.1 6.7 6.7 6.1 7.2 12 1.2. 7.2 7.2 
I I 1 I 1 I I 1 I I I 

9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 
3OJ,m 30,000 30,000 30,000 30,000 30,000 30,000, 30,000 30,000 30,000 30 30,000 30,000 30,000 30,000 30,000 

0 0 0 0 0 76,72B 76,728 76,m 76,72B 76,728 12.7,765 127,765 127,765 127,765 127,765 
0 0 0 0 0 2B,333 28,333 2B,333 28,333 28,333 0 0 0 0 0 

w $1,630 $1,630 $1.630 $1,630 $1,630 $1,630 • 51,630 I $1,630 SI,630 51,630 51,630 51,630 $1,630 I SI,630 SI,630 SI,630 
+:-

5300 $300 5300 $300 5300 $300 5300 5300 $300 S300 $300 5300 5300 5300 S300 5300 
$1,330 $1,330 SI,330 $1,330 $1,:330 51,330 $1,330 $1,330 $1,330 51,330 $1,330 51.330 $1330 51,330 51,330 $1,330 
$2.,()40 $2,040 $2,040 $2.,040 $2,()40 $2,040 $2.,040 $2.,()40 $2,040 $2,040 52,()40 $2,040 $2,040 $2,()40 $2.,040 $2,040 

$300 $300 5300 $300 $300 I $300 $300 5300 5300 5300 $300 5300 $300 $300 $300 $300 

$1,130 $1,130 $1,130 51,130 51,130 $1,130 $1,130 $1,130 $1,130 $1,130 $1,130 $1,130 $1,130 51.130 SI,I30 51.130 
5365 5365 5365 5365 S36S 5365 $365 5365 5365 5365 5365 5365 $365 5365 5365 $365 

$0 $0 50 SO $0 $0 $0 SO $0 $0 $0 $0 $0 $0 $0 $0 
$1,400 $1,400 I 51,400 51,400 $1,400 $1,400 $1,400 $1,400 SI,4OO $1,400 $1,400 $1.400 $1,400 51,400 51,400 $1,400 

5300 $300 $300 $300 $300 $300 $300 5300 5300 $300 $300 $300 $300 5300 $300 $300 

76 76 761 76 76 76 76 76 76 76 76 76 76 76 
1 1. 1. 1 1 1 1 1 
1 11 1 1 1 1 1 1 1 

IS'*' lS,*,I IS'*' IS'*' IS'*' IS,*, IS,*, IS,*, IS'*' 
$0 $0 I $0 $0 $0 $0 $0 $0 $0 
$0 $0 SO $0 $0 $0 $0 $0 

$192 $192 SI92 $192 5192 $192 SI92 $192 
45 45 4S 45 45 45 45 45 

page 6 



A B C D E F G H I J K L M N 0 P Q 

249 Period DePt 1 1 2 3 4 5 6 7 8 , 10 11 12 13 14 15 
250 FlJELPRICES 
251 ~ Price to small fleethalkm $0.600 $0.600 $0.600 $0.600 $0.600 $0.600 $0.600 $0.600 $0.600 $0.600 $0.600 $0.600 $0.600 SO.600 $0.600 $0.600 
252 Propane Price to large fleet/ganOll 5OA30 $0.430 $0.430 $0.430 $0.430 $0.430 $0.430 $0.430 $0.430 SOA30 $0.430 $0.430 m.430 5OA3O $0.430 $0.430 
253 Propane cost III refmel)'lgallon $0.360 $0.360 $0.360 $0.360 $0.360 $0.360 $0.360 $0.360 SO.360 $0.360 $0.360 $0.360 SO.360 $0.360 $0.360 SO.360 
254 oos1/PUOll 5OD30 SO.03O SO.030 $0.030 $0.030 SOD30 $0.030 $0.030 SO.03O 5OD30 $0.030 $0.030 $0.030 SO.03O SO.03O $OD30 
255 Supplier markup for smaU fleet/gal $0.210 SO.210 SO.210 $0.210 SO.210 SO.210 $0.210 $0.210 $0.210 SO.210 $0.210 SO.21O SO.210 $0.210 $0.210 $O.2I~_ 
256 Supplier marlwp for Iatge fleet/gal $O.O<W SO.ow $0.040 $0.040 SO.ow $0.040 SO.04O 5O.O<W $0.040 5O.O<W 5O.ow $0.040 $0.040 $0.040 $0.040 $O.ow 
257 Federal taxJgallon SO.ooo $0.000 $0.000 SO.OOO SO.OOO $0.000 $0.000 $0.000 $0.000 $0.000 $0.000 $0.000 $0.000 $0.000 $0.000 $0.000 
258 Gasoline Price/gallon $0.800 $0.890 $0.800 $0.890 $0.890 $0.890 $0.890 $0.890 $0.890 $0.890 $0.890 $0.890 $0.890 $0.890 $0.800 $0.800 
259 Diesel Price/glllon $0.850 $0.850 $0.850 SO.850 $0.850 $0.850 $0.850 $0.850 $0.850 $0.850 $0.850 SO.850 SO.850 $0.850 SO.85O SO.85O 
260 Annual Fuel Price Adjl.lSllllent 0.0% 
261 Total j'rtlpane consum~al) 332,130 332.130 332,130 332,130 332,130 332,130 408,858 408,858 408,858 408,858 ~~ 459,895 459,895 .~ __ 429,701 429,701 
262 
263 STATION DESIGN 
264 Switch Time (min.) 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 
265 Propane Session Time (min.) 172 172 172 172 172 172 200 200 200 200 200 219 219 204 204 204 
266 Propane fill nile (gallmin) 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 

m ~I<lrage _ volwne (pI) 14,400 14,400 14,400 14,400 14,400 14.400 14,400 14,400 14.400 14,400 14,400 14,400 14,400 14,400 14400 14,400 
269 Supply of prcpane on-site (weeks) 1.8 1.8 1.8 1.8 1.8 1.8 1.5 1.5 1.5 1.5 1.5 1.3 1.3 1.4 1.4 1.4 
269 Number of Hoses 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 
270 Autos PIlI" day 3.14 3.14 3.14 3.14 3.14 3.14 3.14 3.14 3.14 3.14 3.14 3.14 3.14 2.86 2.86 2.86 
271 Light Trucks per day 43.99 43.99 43.99 43.99 43.99 43.99 43.!/9 43.99 43.99 43.99 43.99 43.99 43.99 39.99 39.99 39.99 
272 Heavy Gasoline per day 6.57 657 6S1 6.57 6.57 6.57 6.57 6.57 657 6.57 6.57 657 6.57 5.97 5.97 5.97 
273 Heavy Diesel per day (Ded.) 0.00 0.00 0.00 0.00 0.00 0.00 4.52 4.52 452 4.52 4.52 8.36 8.36 8.36 8.36 8.36 
274 Heavy Diesel per day (Dual) 0.00 0.00 0.00 0.00 0.00 0.00 0.50 0.50 0.50 0.50 0.50 0.00 0.00 0.00 0.00 0.00 
275 Auto Prcpane per fill (gal) 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 
276 Lt Truck Propane per fill (gal) 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 23 
277 Heavy Gas. Prcpane per fiU (gal) 32 32 32 32 32 32 32 32 32 32 32 32 32 32 32 32 
278 Heavy Oed. Dies. Propane per fill (gal) 59 59 59 59 59 59 59 59 59 59 59 59 59 59 59 59 
279 Heavy Dual Dies. Propane per fill (gal] 59 59 59 59 59 59 59 59 59 59 59 59 59 59 59 59 
280 Station Setup Cost Factor IS'll 15% 15% 15% 15% IS'll IS'I. 15'1, 15% 15% 15% IS'I. IS'll 15% is'll IS'll 
281 
282 Lahor TIme L .... C.koIaUons: 
283 Gasoline fill rate (gallmin) 7 7 7 7 7 7 7 7 7 1 7 7 7 1 7 7 
294 Diesel fUlmte (aa1Imin) 7 7 7 7 7 7 7 1 7 7 7 7 7 7 7 7 
285 Gasoline/diesel switch time (min) 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 
286 Labor Cost <S/hour) SIS $15 $15 $)5 S)S $IS S15 SIS $15 $IS $IS $15 SIS SIS SIS $15 
287 Number of Gasoline hoses 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 
288 Number of Diesel hoses 1 1 1 1 1 1 1 I 1 I I 1 1 I 1 1 
289 Number of AutoII/day 3.25 3.25 3.25 3.25 3.25 3.25 3.25 3.25 3.25 3.25 3.25 3.25 3.25 3.25 3.25 3.25 
290 Nwnber of La Tructslday 46.36 46.36 46.36 46.36 46.36 46.36 46.36 46.36 46.36 46.36 46.36 46.36 46.36 46.36 46.36 46.36 
291 Number of Heavy GIIII/day 6.84 6.84 6.84 6.84 6.84 6.84 6.84 6.84 6.84 6.84 6.84 6.84 6.84 6.84 6.84 6.84 
292 Number of Heavy Diese\Iday 0.00 0.00 0.00 0.00 0.00 0.00 3.43 3.43 3.43 3.43 3.43 5.96 5.96 5.96 5.96 5.96 
293 Dedicated Gasoline S.OII TIme 152 152 152 152 152 152 152 152 152 152 152 152 152 152 152 152 
294 Dedicated Diesel Session 1"lII1e 0 0 0 0 0 0 31 31 31 31 31 55 55 55 55 55 
295 
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I I A 1 B C 1 D E I F G I H I J K L 1 M N 0 P Q 
129610'l1JERFACTOKS I i I Workdays!year 200 

, 
I I 

TankfiU~e 8O'Ir I i ! 
Fuel in lIII "empty" tank (ul) 2 J 

300 Gasoline to Propane F.cIor 1.35 -
301 DIe!;e1 to Propane Factor 1.531 

• 

. 
302 DiscoImt Kala lo.(}fJ,1 I 
303 I 

• 

I I I 
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w x y Z AA AB AC AD AI. AI AG AH AI 

21 22 23 24 25 26 11 28 29 Elld30 NPV 

31,43O! 37,430 37,43Oi 37,430 37,430 37,430 0 229,408 
1,805 1,805i 1,80S 1,805! 1.805 0 ll,061 

29,391 29,391 i 29,391 29.391 01 18),136 

6,234 6,234: 6,234 6;234! Oi 38,211 
-19,992 -19,992 -19,~ -19,992 0 -97~,! 

0 0 0 0 0 0 

17,438 \7,438 11,438 17,438 0 132.120 

15 IIIrrllSlrtldllre 
16 Land 0 
17 Station I) I) 0 0 0 0 -1,598 
18 S I) 0 0 I) I) I) -10,366 
19 SlIbIotIII 0 0 0 0 0: -11,964 
20 

W 21 Vehlde 
-...J 

0' 0 
--

22 COOversilBl ItiI 01 0 0 0 
23 Tanb 0 0 0 0 0 0: 
24 Laba' 0 0 0 0 0 0 
25 OEM 0 0 0 64,500 0 0 
26 S1IbIotIII 0 0 0 64,500 0 I) 

SIlO SOO 500 SIlO 500 SOO SOO SOO SOO 0 
3172 3.172 3,1,!~ ___ 3,112 3172 3,112 3,112 3.112 3,112 0 

J:l.~~ 21,3601 2!,360 21,300 21,360 21,360 21,360 21,3(1) 21,3(1) 

.................. -
25,002 25,032 2,~,~ 25,032 25,002 2S@2 25.032 25.032 2S,002 o -222.935 

SO,482 67,532 25,002 25,032 25,032 89,532 25,032 25,032 67,532 25,002 -25,000 -543,716 

-50095 -1,595 -7,595 .7,595 -7,595 .50.095 -1,595 
-9,911 -1,366 -1,242 -1,129 ,-9,742 -579 -527 -3.158 -435 

-385,252 -386,618 -387,859 -388,988 -398131 -399, !-408,969 -409,495 -412.653 -413,089 
S.oS4 5.560 6.116 6.727 7.400 8.1 918: \3.110 14.4:11 15.863 17.449 
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84 COIIversiOll Kit 
85 TIIIlb 
86 I.abcr 
67 OEM 
68 Sublola\ 
69 
70 
71 
72 
73 
74 

77 TOIaI Costs 
78 
79 Savl - Cost 
80 NPV 
81 NPV-cua .. dallve 
82 DiIlCOlUll:FaeIOr 
83 
84 

88,159: 88,759i 
4,280: 4.2S0i 

69,6951 69,695 
14,784 14,784 

1,728 1,728 
0 0 

w 

20 

88,759 
I 

88,7.59' 88,759 
4.2SO 4,2~: 4,2~ 

69,695 69,695i 69,695 
14,784 14,1841 14,.784 

1,728 1,728 1,728 
0 0 0 

I,SOO 1,500 __ J,~i 
3,172 3,172 3,1721 

21,360 21,3flO 21,360 

26.032 26,032 26,()32i 

x y AC AD AI 

11 11 

88,759 0 748,258 
4,280 0 '36,078 

69,695 0 587,549 
14784 0 124.632 
1,728 1,728 0 4707 

0 0 

90,481 90,487 0 752,965 

o 
oi -8,146 

-65,4111 

0 0 
0 0 0 
0 0 0 

64,500 0 0 
64,500 0 0 

1,500 1,500 1,500 
3,172 3.172 3.172 

21.360 21,360 21,360 

26J)32 26,032 

26,032 

64.454 
4,916 

101,816 133.981 
7.400 13.1l0 
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v w x y Z AA AB AC AD AE AF AH AI 
l!l 1.0 21 22 23 l4 25 U '11 28 2!) EII430 

10 10 10 10 10 10 10 10 0 

_.=t= 
! 10 

10 
19.0 19,0 .!!!.O 19.0 ... 19.0 19.0 
1.I 1.1 1.1 1.1 LI 1.1 

20.9 20.9 20.9 20.9 2M 20.9 
1 Ii l' I 

19.0 19.0 19.0 19.0 
22,500 
14,558 14,S58 01 

0 0 0 
5100 

.... '$100 

$1~ , $150 
$570 1 sno 
5330 $33() 

W SO $0 
\.0 ~s400 S400 

$100 $100 
21 27 

1 I I 
l00<!. 1(1)'1, 100'1. 

SO $0 SO 
5120 JilO $120 

16 16 16 
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R S T Y Z AA AB AF /ID AH AI 
123 Period 16 17 22 23 2A 25 26 D 30 Ead30 ..... 

124 VEHICLE DATA 
125 LlgIIl Truclu: 

126 Number of Vebicles 1201 120 120 120 120 0: 
128 Number New CODYII'.IIials 
130 Number KitlI TI'IIIISfened 

NumberCoovetlknllL~ ____________ 
Number OEM 
Number OEM RelitOO 120 120 

14.0 

14.0 

237,(l87 
0 

S$70 
e Value $!~ 

Conv. Lobor cost $340 
Tank mit $280 

.p.. Tank Salva Value $0 
0 

OEM Cost Difference $400 

SI00 
31 31 

! 1 
100,*, 100,*, 

$0 $0 
$120 SIZO 

18 18 
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PI S T U V W x y Z AA AS AC AD AE. AF III AH AI 
161 Period 16 17 IS til 20 2t 21 :z:J 1A 25 26 'D 18 2' 30 End 30 

162 VEHICLE DATA 
163 Rea"}' Duty GasoIllIe: 
164 NUlllber of Veblcles 10 10 10 10 10 10 10 10 10 10 10 10 101--10 t-----IO 0 

166 Number New c.uV"";OIIS 
168 Number K.iIs Transf."...... 

1----
I --------- - ------~- r---------

170 Nilmber ConYetldoos Retired --

~ NumberOI'M 10 10 10 10 
174 Number OEM Retired 10 10 10 10 10 
176 Gasoline MPG 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 
178 Propane MPG Adjust Factor 1.1 1.1 -I-:1T I.l 1.1 1.1 1.1 l.l 1.1 l.l l.l l.l l.l 1.1 l.l Ll 
179 ~ MPG (a;asoline equivalent) 6.1 6.1 6.1 6.1 6.1 6.1 6.1 6.1 6.1 6.1 6.1 6.1 6.1 6.1 6.1 6.1 
180 Dual·fllel MPG Adjust Factor I I 1 I I I I I I 1 I I 1 1 1 1 
181 Dual.Fue1 Gasoline MPG 5.5 5.S 5.5 55 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5 r---

183 Annual miles traveled per vehicle 22,500 22,500 22..soo 22,500 22,500 22..soo 22.500 22,500 22,500 22,500 22.500 22,500 22.sOO 22.500 22.500 22..,50<> r----184 Annual Propane consump {gal) 50,291 50,291 50,291 50,291 50,291 50,291 50,291 50,291 50,291 50,291 50,291 50,291 50,291 50,291 50,291 0 

~ Annual a;asoline consump CJtaI) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
186 CooV"";1JII Kit Cost 5570 5570 5S70 5570 5510 5570 $570 $570 5570 5510 $510 5570 5570 S510 $570 S570 
187 Conv. KiI SalYlle Value S150 $150 $150 SI50 SI50 $150 $150 5150 S150 5150 5150 $150 5150 $150 5150 SI50 
188 Conv. labor cost $340 5340 S340 S340 $340 $340 5340 S340 5340 5340 $340 S340 5340 S340 $340 5340 
189 Tank cost $290 $290 5290 $290 $290 $290 5290 $290 $290 $290 $290 S290 $290 $290 $290 $290 
190 Tank Salvax,e Value $0 $0 $0 $0 $0 SO $0 $0 $0 $0 $0 $0 $0 $0 $0 $0 

191 OEM Cost Difference $450 $450 5450 $450 $450 $450 $450 $450 $4SO $450 $450 $4SO $4SO $450 $450 $4SO 
192 OEM Salvage Value Difference Sloo $100 $100 Sioo $100 5100 5100 5100 $100 $100 SI00 SI00 ~(X) $100 $100 $100 
193 Propane lank water volume (gal) 43 43 43 43 43 43 43 43 43 43 43 43 43 43 43 43 r----
194 Number tanks/Yeh. I I 1 I I I I I I I I I 1 I I I 
195 'I. I'm!lane miles 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 
196 MainL Cost Differencelyea:r $0 $0 50 $0 $0 $0 SO $0 $0 $0 SO $0 SO SO $0 $0 

197 Annual Propane Fuel Tax per vehicle SI92 SI92 SI92 SI92 $192 $192 SI92 SI92 SI92 $192 SI92 SI92 $192 $192 $192 SI92 
198 Qn·boIIrd 2850line caoacilY 25 25 25 25 25 25 25 25 25 25 25 25 25 25 25 25 
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R S T W X Y Z AA AB AC AD At:. 
Period 16 17 20 21 22 Z3 24 25 l6 1.7 28 

201 HeM}' Doty !)Ie.': 
202 Number of Oed.. Propane Vebicles 2() W W 20 20 ~ 20 2() Wi 2() 2() 

203 Number of DIIlIJ·F!leI Vehicles (I 0 0 0 (I 0: (I 0 0 0 

205 Nwnber Ne'III Oed. Conversions 

207 
209 Number Oed COIlVe.n.iOnf Retired 
211 Number New Dual Coove.n.ions 

Number Dual Kits 'l'nmsferred 

2() 

2() 

9.0 9.0 
0.8 0.8 
7.2 1.2 

1 1 
9.0 9.0 

~ 
N 

Oed. COlIV. Iabar cost 
DlIa1 Conversioo Kit Ccst 
DlIa1 CollY. Kit 
DlIa1 Cony. labllr cost SI.13O 

$365 
$0 

$1,400 
$300 

76 76 76 
1 I I I 
I I I 1 I 

IS'll 15'1> 1S'I> IS'll IS'll! 
$0 $0 $0 $0 $0 
$0 $0 $(I $0 $0 

SI92 $l92 $192 $192 $192 
4S 4S 45 4S 4S 4S 
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S T v w X y Z 
16 17 19 20 21. ~""""" 23 

$0.600 
$0.430 
$O.~ 

$0.030 
$0.210 
$0.040 
$0.000 
$O.~ 

$0.850 

3 3 3 3 3 
204 204 204 204 0 

7 1 7 7 7 
14,4(X) 14,400 14,400 14,400 14,400 

1.4 1.4 1.4 1.4 1.4 
2 2 2 2 2 

2.86 2.86 2.86 2.86 0.00 
+" 39.99 39.99 39.99 39.99 0.00 
W 

5.97 5.97 5.97 5.97 0.00 
8.36 836 8.36. 8.36 

0.00 ().oo 

7 7 1 7 i 
7 7 7 7 7 
3 3 :I :) 3 

S15 SIS sis SIS $15 
2 2 2 2 2 

1 I I Ii I 1 
US 3.25 3.25 3.25 3.25 3.25 

46.36 46.36 46.36 46.36 46.36i 46.36 46.36 
6.84 6.84 6.84 6.84 6.84: 6.84 6.84 
5.96 5.96 5.96 5.96 5.96 5.% 5.96 

152 152 IS2 152 IS2 152 
55 55 55 55 SS 5S 55: 

IS 
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